Objectives: Controversial in the development of anatomical science education is the role of dissection in the teaching of anatomy. Several doubts have been expressed over the usefulness of the use of cadavers in gross anatomy studies. This work was designed to compare the outcomes from a cadaver dissection-based study with a non-cadaver-based study.
Introduction
In the early days of medical education, the study of gross anatomy was based around cadaveric dissection. 1, 2 This was as a result of the fact that cadaveric dissection was the only available method of three dimensional study of the gross anatomical structures. Between this period and now, many changes have been made in medical school curricula as a result of advances in science, medical diagnostics and the profession of teaching. 3 One of these changes is the very significant reduction in the time allocated to the teaching of anatomy and also the dissection of cadavers. 4, 5 Also included in these new curricula is the introduction of clinical reasoning, physical examination skills, clinical imagings, diagnostics, use of problembased learning, application of teaching modalities such as use of prosected specimen, models, radiographic images and computer simulations. 6, 7 These trends in medical curricula have brought about fading away of traditional dissection in our medical schools. Many views have been expressed against this current trend. [8] [9] [10] Like other fields of learning that have been marked by development and evolution of communication skills, the quest for new and effective ways of passing anatomical ideas has produced much controversy and disagreement. 3, 11 At the forefront of this controversy is the role of dissection in today's teaching of anatomy. 12 Patel and Impact of the use of cadaver on student's ability to pass anatomy examination "traditional anatomists" and that of "the modern anatomists". The traditionalists are those who are presently fighting to maintain the use of cadaveric dissection and the modernists are the ones advocating for the more novel and "modern" ways of teaching anatomy.
These new ways, the "modernists" maintain, will express the spatial relationships of the gross features of the body better than cadaveric dissection while still conserving the time which ordinarily would have been wasted in dissection. This argument has raged over the years 11, 12 and some studies have reported these new methods of teaching anatomy to be better in conveying a better understanding of the anatomy course to the students, [13] [14] [15] whereas several other reports have maintained an opposing view. 8, [16] [17] [18] Also interesting to note is an intermediate opinion within these two extreme points which is the view that argues for retention of some dissections within the curriculum but inclusion of other complementary methods of delivery of the subject. 19 We looked at the research designs of some of the previous works and noted the various ways the students making up the sample population for these studies were categorized. In some of these cases some groups of students were made to dissect a particular region while the others were made to study the same region but using prosected bodies. 18 In another case a group of students actively dissected the cadaver while another group participated by observation of the dissections only. 20 Some other authors used various student groups which dissected different body regions concurrently and later each group was made to teach the other groups the areas they dissected. We noted that in the various studies above, all the students were actively or passively exposed to the benefits of the cadaver. We have designed a study that will show a clear demarcation between a cadaver-based study and a non-cadaver-based study. By this way, we achieved through a clear separation between students exposed to the cadaver through dissection only and students that never had any contact with the cadaver. With these two major groups in mind we decided to answer the question; is there a difference in outcome between a cadaver-based study and a non-cadaver-based study? It is presently upheld by "modern anatomists" 10 
Materials and Methods
A total of 128 medical students of Enugu State University of Science and Technology, Enugu, Nigeria, were randomly selected for this study. These were students that were in their first pre-clinical year. The students were divided into two major groups; A and B. Group A was made up of 69 students while B included 59 students. The randomization process of assigning students to the two groups was based on the alphabetical arrangement of the surnames of the selected students in both the male and female lists. The study sample was made up of male to female ratio of 3:2 respectively in both groups. Only students that had undergraduate entry into the class, without any previous exposure to human anatomy or dissection and who had passed the first medical professional examination were qualified for this study. The age distribution of the candidates ranged from 19 to 27 years. Group A was the dissection group and group B was the non-dissection and non-cadaverbased group. Group A was further divided into 8 dissection tables where each of the subgroups were dissected the same areas in their different cadavers. Dissection of upper and lower limbs was done by all the members of group A. All the members of the various tables in this group took turns in dissection and this was done under the supervision of some members of the department. The dissection procedure was the same which was outlined in Cunningham's dissection manual. 22 In the cadaver-based studies carried out in Group A, the members were not given access to prosected specimens in order to regulate the variables introduced into the work.
Both Groups A and B were evenly exposed to other methods of teaching anatomy in the department which included didactic teaching, textbooks, atlases, models, video tapes and discs, X-ray films, computer programs and group discussions. Both groups were taught the anatomy of the upper and lower limbs together. Members of Group B were denied access to the use of the dissection laboratory, studying with prosected specimens or doing any form of cadaver-based study. During the two hourly dissection slots observed in Group A, all the members of Group B, under the supervision of some members of the department gathered in the departmental museum where they had guided revisions on the regions being dissected in Group A, using various other facilities in the department. In both groups the supervisors played the passive role of proffering only answers and clarifications to the student's questions as they arose. The same contact hours with the supervisors and same time of exposure to the different study materials were maintained for the two groups. Peer teaching was encouraged amongst the students of both groups.
At the end of the learning phase of the experiment, the students were assessed using both multiple choice and essay questions. These were basic questions assessing the knowledge of the position, course, relations and functions of some of the structures encountered within the regions studied. Some applied questions on the clinical anatomy of some of these structures were also included. The essay assessment included both long and short answer questions. The short answer questions demanded a brief knowledge of the subject while the long answer questions, demanded detailed explanations of the subject. The scoring in this section was done by only one of the examiners to reduce intra-marker variability. The multiple choice questions (MCQ) included a total of 100 questions. Three types of MCQ formats were used. The first MCQ format used was the stem type. This was made up of five options with only one correct option. The second MCQ format was the extended matching questions (EMQ). The third format was the TRUE OR FALSE format. There was no negative scoring in the marking of the MCQs . The MCQs were also manually marked by the authors. In the marking of both essay and MCQs, the examiners were blind to the group to which each of the scripts belonged. In carrying out this research, efforts were made to ensure there was no mixing of the two groups through taking of attendance in both groups for each of the two hours that the students did different things.
Statistical analysis
The performance of students in the various aspects of the examinations by the two groups were compiled and analyzed using the SPSS package for data analysis. Table 1 gives a statistical summary of the various parts of the exam. The various levels of performance of the students were categorized in Table 2 following the guidelines of the Nigerian University Commission and also the Nigerian Medical and Dental Council. By this, Failure grades are scores below 50%, Pass grades are scores from 50% and above and Distinction grades are grades from 70% and above. A Pearson correlation analysis was performed to assess the linear relationship between the scores from MCQs and the essay questions and this was significant (r = 0.62, p = 0.01). Impact of the use of cadaver on student's ability to pass anatomy examination Anatomy 2010; 4 Table 1 showed higher mean percentage scores for Group A students than Group B students. In Group A, 59% of students achieved a distinction, compared with 24% in Group B. In all parts of the exams, higher scores were attained by students of Group A.
Results
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The various parts of the exams in Group A when correlated with complementary part of the exam in Group B using Pearson correlation showed no significant correlation. Table 3 gave a summary of the significant differences noted between the mean performances of both groups in all parts of the exam using the unpaired sample t-test.
Discussion
The results of the present study suggest that cadaverbased-study enhances students' understanding of gross anatomy and their ability to pass anatomy exams. The students that were exposed to a cadaver-based study, in our own case through dissection, performed better than the other students in both the essay and multiple-choice exams. The number of students that had a distinction grade in the non-dissection group was more than doubled in the dissection group. Whereas 37% of the students failed in the non-dissection group, only 9% failed Table 3 The results of the comparison of some paired means using paired sample T-test will not automatically bring out the best from the students.
It has been argued and we agree that no matter how sophisticated a software package maybe, images are still projected in a two dimensional screen, whereas a cadaver-based study enhances a 3-dimensional image of human anatomy. 23 It is the opinion of many authors 3, 5, 16, 24 that cadaver dissection-based study provides the students with a definitive and authoritative source that enables the students to master structural knowledge and to develop active learning skills. In a similar study Patel and Moxham 10 noted a better performance by students exposed to either dissection or prosected cadavers than students that had no contact with the cadaver.
This finding is contrary to the result of Jones et al. 25 who in a similar experiment, reported better academic performance for students that had a non-cadaver-based study than the students that carried out dissection.
Beyond preparing the students for better academic performance as has been noted in this work, a number of reports have been documented which have presented various other advantages of cadaver-based study. Although the use of cadaver-based study is not without its own challenges such as the availability and sourcing of cadavers, emotional impacts on some students on exposure to these cadavers, health and safety issues associated with the use of cadaver, removing it from the curriculum in our view should not be the solution. We rather recommend that efforts be channeled towards overcoming or reducing these challenges. The importance of some of the new innovations and technologybased teaching methods cannot be over-emphasized as we noted in the number of students who passed in the non-dissection group. We recommend that they be used as complementary measures to cadaver-based studies in the teaching of gross anatomy to medical students.
